Extremely low-dose ionizing radiation causes activation of mitogen-activated protein kinase pathway and enhances proliferation of normal human diploid cells.
We demonstrated here that X-ray irradiation at very low doses of between 2 and 5 cGy stimulated proliferation of normal human diploid cells and human tumor cells. Higher doses of irradiation at >1 Gy accumulated p53 protein and induced phosphorylation of extracellular signal-regulated kinase (ERK) 1/2. Phosphorylation of ERK1/2 decreased with dose down to 50 cGy, however, doses of between 5 cGy and 2 cGy phosphorylated ERK1/2 as efficiently as higher doses of X-rays, whereas the p53 protein level was not changed by doses <50 cGy. We found that mitogen-activated protein /ERK kinase (MEK) 1 was phosphorylated with both 2 cGy and 6 Gy of X-rays, and that activated ERK1/2 augmented phosphorylation of Elk-1 protein. The specific epidermal growth factor receptor tyrosine kinase inhibitor, AG1478, decreased phosphorylation of the ERK1/2 proteins induced by 2 cGy or 6 Gy of X-rays, and similar suppressive effect was observed with MEK inhibitor, PD98059. Suppression of ERK1/2 phosphorylation with these inhibitors alleviated enhanced proliferation of normal human cells by low-dose irradiation. Furthermore, overexpression of ERK2 in NCI-H1299 human lung carcinoma cells potentiated enhanced proliferation, whereas down-regulation of ERK2 using the antisense ERK2 gene abrogated the stimulative effect of low-dose irradiation. These results indicate that a limited range of low-dose ionizing radiation differentially activates ERK1/2 kinases via activation of epidermal growth factor receptor and MEK, which causes enhanced proliferation of cells receiving very low doses of ionizing radiation.